Abstract. VITESS is a software widely used for simulation of neutron scattering experiments. 
previous one and passing them on to the next one. A whole instrument is simulated by running 48 several modules sequentially in a pipe. This is done in packages of 10000 neutrons such that in 49 a simulation with larger statistics as usual, all modules can run simultaneously. The properties 50 of generated neutron trajectories can be examined by monitors at any point in the instrument, 51 or written to a file to be read in again later by a new simulation continuing the instrument.
52
VITESS contains a graphical user interface (GUI) from which an instrument can easily be 53 build by assembling the needed modules and which allows to perform complex simulations 54 without knowledge of any scripting language. A VITESS simulation can however also be run 55 either directly from the command line or via a shell, python, perl or tcl script to which an 56 instrument description can be exported from the GUI. This can also be used to run VITESS on 57 a computer cluster, and since release 3.1, a framework is provided to split the simulation on a 58 cluster into several instances to save simulation time.
59
Different kind of neutrons can be studied separately by ray-tracing, which is done by selecting 60 the neutrons of interest in a first run of the simulation and save them into a file, followed by a 61 second simulation in which only those neutrons are processed. Monitor outputs like phase space 62 diagrams or wavelength spectra are written as ASCII files which can be viewed directly from 63 the GUI or analyzed with a preferred external software. A visualization of the neutron paths 64 through the instrument is possible since release 3.0 and is described in more detail in section 4.1.
65
The effect of gravity is included in all components apart from the bender module, but can 66 be switched off if the user sees this fit for a particular purpose.
67
VITESS provides tools to assist the users in performing a simulation by e.g. creating input 68 files or calculating chopper phases. Documentation of all tools and modules as well as of the 69 most important features can be accessed by a help button directly from the GUI, while short 70 descriptions of each parameter of a module can be viewed by clicking on the parameter name.
71
Running a simulation creates a log file in which the pipe command, the module parameters as 72 well as the flux at the end of each module are documented for error diagnostics or later reference. 
Improved modelling of physics processes

74
In VITESS 3, the description of physics processes or resulting behavior like emitted source 75 spectra or reflectivity curves has been improved in several modules. This section summarizes 76 the software development connected to a more realistic modelling, while improvements in the 77 program's usage are described in section 4. choice between different moderator descriptions is now available.
Reflectometer sample
84
The reflectometer sample module was updated to include both the incoherent and offspecular 85 scattering. The incoherent scattering probability p is calculated taking into account the inverse 86 of the mean free path in the sample material µ provided by the user and the randomly chosen 
95
Before VITESS 3, the reflectivity of supermirrors was modelled as a linear decrease from R 0 at the critical angle θ C corresponding to a mirror coating m= 1 to a reflectivity value of R m at θ m = mθ C , followed by an instantaneous drop to zero for θ > θ m in the sm ensemble module, which describes an arbitrary configuration of flat supermirror plates. Parameters R m , θ C and θ m had to be given by the user. Reflectivity files used in the modules guide and bender allowed for a slower decrease broadened by a factor W =0:
The linear reflectivity decrease is however a simplification of the behavior seen in measurements of reflectivity curves of supermirror plates, therefore this model has now been extended by an additional term: VITESS version 3.1 onwards, in which R 0 is also set to R 0 = 0.99 instead of formerly R 0 = 1.
103
The reflectivity curves obtained with equation 2 for 1Å neutrons are shown in figure 1(a) for 104 m-values between 2 and 6. In the sm ensemble module, neutrons that are not reflected can be transmitted with probability
where µ (µ ic ) is the wavelength dependent (independent) part of the macroscopic attenuation and d ′ the pathlength of the neutron trajectory in the mirror, taking refraction into account. An improved description of the attenuation in sapphire is obtained by using
instead of (3), where the constant c was again found by fitting this model to experimental data 106 in contex of the McStas study [12] . Since the aforementioned study uses a mirror on sapphire 107 substrate, an additional fit of the attenuation for silicon to data extracted from [14] has been wavelengths.
110
The old description of equation 3 can still be used by choosing neither silicon nor sapphire 111 as mirror substrate (option "other"). i.e. no detection is possible in these regions but also no unwanted scattering is simulated 2 .
123
Layers can be shifted with respect to each other by half the tube diameter in order to minimize 124 dead detector regions, as illustrated in the central picture of figure 2(a). The tube option is only 125 available for an overall flat geometry.
126
In an overall cylindrical geometry, the cylinder axis can now be oriented along all three 127 coordinate axes. Furthermore, the new const. phi option allows the pixel size in the dimension 128 along the cylinder axis to be variable such that a constant angular width is covered by each 129 pixel.
130
Several detector modules can be combined in an array to build any complex shape. 
Detection efficiency and resolution
The efficiency of neutron detection in the detector module of VITESS version 3.1 can be calculated from the total cross-section σ of neutron scattering with the chosen active detector material, a linear approximation of which has been extracted from cross-section tables from the National Nuclear Data Center [15] for 3 He, 10 B and 6 Li. For BF 3 or 3 He gas, the gas pressure and temperature have to be given as input parameters from which the particle density N is calculated. For layers of solid material containing 10 B or 6 Li, the particle density has to be given directly. The probability of a neutron interaction with the detector material is then calculated as
where L is the detector thickness in the direction along the neutron trajectory and l a random is more accurate for large N rep >1. Finally, the detection probability can be modified by the 145 wavelength independent input parameter ǫ mod which can represent e.g. losses due to secondary 146 particle detection after neutron scattering in a solid 10 B or 6 Li converter layer.
147
Alternatively, by not choosing a defined detection material ("other "), the efficiency 148 modifyer ǫ mod can be used as a mean detection efficiency of neutrons traversing the detector 149 perpendicular to the detector surface. In this case the detection probability is wavelength 150 independent.
151
As a third alternative, the detection efficiency can be set by the user via an input file 152 containing the efficiencies for different neutron wavelengths. The probability of neutron detection 153 is then independent of the path through the detector and the exact detector geometry.
154
The new module further uses 3D pixelization allowing the cloud of charge carriers to be the instantreality viewer is shown in figure 3 as example.
167
The information about the location and type of interaction of neutron trajectories used for 168 their visualisation can also be utilized to monitor the intensity loss and thus radiation along 
181
The adapted gradient method opt grad mc is modified in order to be more robust against 182 statistical fluctuations in Monte Carlo simulations: a parameter is changed only if variation in 183 both directions indicate the same gradient, and the step size is varied during the optimization.
184
The metropolis algorithm searches the parameter space in a step size set by the user, accepting 185 a new parameter value always if the figure of merit is improved, and if it is worse with a 186 probability according to a kind of Boltzmann factor with a user-defined standard deviation of 187 the measurement as temperature equivalent. Compared to gradient methods, the metropolis 188 algorithm is less prone to deliver a local optimum, but more simulation steps are needed.
189
The default mapping between optimization parameters p opt and simulation parameters p sim 190 is a direct assignment: p opt = p sim . Other relations can be set by writing a dedicated function;
191
this procedure is planned to be made more user-friendly in future VITESS versions.
192
The figure of merit is designed flexible: It is calculated from a signal file containing neutron intensity values I sign,i , like e.g. a monitor file recording neutrons with a certain divergence at the sample position, as 
230
In the monochromator module monochr analyzer, a transition mode has been added so the 231 transmitted neutron beam can be analyzed alternatively to the reflected neutrons.
232
The module writeout has been expanded such that trajectories can now be written in 
